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@ Methods and apparatus for accurately determin* 
ing drill bit deptli are provided. A hool( load is 
sampled at a rate of at least 4 Hz and is compared 
to a bad thresliold to establish a sllps-ln condition. A 
determination is made retroactively tiiat the drill 
string stopped nrioving when the hooi< load passed 
through a high dynamic threshold. On the slips-out 
procedure, the Identical high threshold is used, with 
movement established when the hoolc load exceeds 
the high threshold. The high dynamic threshold cor- 
responds to the points at which the drill string ac- 
tually stops and starts moving in the slips-in and 
slips-out procedures. The apparatus provided Is a 
drawworks encoder mounting assembly which retro- 
fits an auxiliary brake section of the drawworks or 
the rotary seal air coupler of a drawworks clutch. A 



split ring gear fits around and Is secured to the 
rotating cylinder of the rotary seal air coupler. The 
spilt ring gear is part of a pulley having another gear 
and a drive belt, such that rotation of the drum and 
rotorseal air coupler cylinder is translated to a shaft 
of an encoder coupled to the second gear. The 
encoder thereby tracks the rotationai movement of 
the drawworks drum. At desired times, also provided 
is a second encoder which is part of a calibrator 
which, via a calibrator wire, precisely measures the 
location of the travelling block relative to a known 
vertical location. The first and second encoder read- 
ings are compared continuously and are used to 
provide excellent calibrations between the drum rota- 
tion and the travelling block movement. 
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SYSTEM AND METHOD FOR MONITORING DRILL BIT DEPTH 



This invention relates to well drilling operations. 
More particularly, this Invention relates to a system 
and method for accurately determining the depth of 
a drilling tool in a borehole. 

The use of rotary drrlltng rigs in driltfng oil field 
boreholes is presently the standard In the art. In 
rotary drilling, a power rotating means delivers 
torque to a drill pipe (a plurality of which form a 
"drill string") via a kelly and a rotary table. The drill 
pipe or string In turn rotates a bit which drills the 
borehole through the subsurface formations. Drill 
strings are supported for up and down movement 
by a drilling mast located at the earth's surface. A 
drill line (or "cable") supported to the drilling mast 
and coupled to the drill string is used in conjunc- 
tion with a rotating drum to facilitate the up and 
down movement. The drill line is anchored at one 
end, called the dead line anchor, which is typically 
located adjacent a leg of the drilling mast. The drill 
line extends from the anchor upwardly to a crown 
block formed of a plurality of rotatable sheaves 
supported on top of the upper end of the drilling 
mast. The drill line is reeved about the sheaves in 
the crown block and extends back and forth be- 
tween the sheaves of the crown block and rotating 
sheaves In the travelling block until the desired 
number of sheaves have the drill line cable re- 
ceived thereon. The drill line then extends from the 
crown block downward to the rotating drum (i.e. 
drawworks). The travelling block is provided with 
suitable means for removably connecting with the 
drill string such that it may suspend the drill string 
in the borehole, or be disconnected from the drill 
string as desired. 

As will be appreciated by those skilled in the 
art, it is of great importance in the drilling of a well 
to know the drill bit depth, from which is usually 
derived the hole depth and the tool depth of mea- 
surement while drilling (MWD) tools located along 
the drill string (the term "MWD tools" i3eing used 
In the broad sense to include logging while drilling 
and other measurement tools). The drill bit depth is 
typically determined by a combination of keeping a 
tally book indicating the lengths of each piece of 
pipe Inserted onto the drill string, and by monitor- 
ing tiie lengtii of drill line being let out during the 
drilling operation over the length of the new pipe 
portion. Inaccuracies often arise however. The most 
simple mistake is an inaccurate measurement or 
notation of the length of a particular pipe. Another 
mistake occurs during replacement of the drill bit 
when the drill string must be disassembled and 
reassembled. In reassembly, different pipes of dif- 
ferent lengths then originally utilized might be 
used,. or the drill string might be reassembled In a 



different order. Also, over the length of a single 
pipe, inaccuracies arise because the monitoring of 
the drill line is actually accomplished by monitoring 
the rotation of the drawworks. However, because 

5 the drill line cable stretches over time, and be- 
cause the drill line is wound around the rotating 
drum In layers, the rotation of the drum Is not 
easily correlated to the length of drill line being 
expended. 

10 Further Inaccuracies occur during the proce- 
dure used for adding additional pipe to the drill 
string. After the travelling block has moved as far 
as it can downward, and additional pipe must be 
added, the drill string is raised by reeling in the 

75 drill line cable. When the string reaches the desired 
height, slips are placed in the rotary table to sup- 
port the drill string while the kelly is unscrewed. On 
a basis of a second or so. when the slips are 
inserted, the travelling block continues to move 

20 downward and cable is reeled out although the bit 
is not moving at all. The disparity in movement Is 
due to the release of tension on the cable as the 
cable is no longer supporting the weight of the drill 
string. On the other end of the procedure, after the 

25 kelly has been unscrewed, swung over to the new 
pipe, the new pipe has been screwed onto the 
kelly, and the kelly and new pipe are swung back 
and attached to tiie drill string, tiie slips are re- 
moved. When the slips are removed, again misal- 

30 locations regarding travelling block movement vis- 
a-vis drill sti'ing movement are made with resulting 
depth determination Inaccuracies. 

In order to overcome some of the Inaccuracies 
which have been inherent in the measuring tech- 

06 nlques. several procedures have been advocated. 
For example, in U.S. Patent #4.114.435 to Patton et 
al., it was proposed to measure different travelling 
block reference points which related to when the 
cable on the drum reached different layers of un- 

40 winding, and then to determine via an equation, the 
reference points, the rotation of the drum, etc. the 
location of the ti'avelling block. The Patton et al. 
patent, however, still provides inaccuracies In that 
(among other problems) a change of layers does 

45 not occur at an exact point but rather over an entire 
rotation of the drum. Moreover, as the cable ages, 
it stretches, and account for such a stretching is 
not made. Similarly, over time, the drum diameter 
may change due to wear and replacement of the 

so wrapping guide grooves, and this is not accounted 
for by Patton et al. 

A patent to Mikolajczyk. U.S. #4.787.244 pro- 
ports to automatically determine the drill bit depth 
by tracking the movement of the cable. Movements 
of the cable are only tracked when the weight 
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carried by the travelling block exceeds a certain 
minimum threshold as determined by a tensio- 
meter on the cable. The Mikoiajczyk patent, how- 
ever, falls to account properly for movements of 
the cable during the slips in and slips out proce- 
dure when the transition is made through the 
threshold set by Mikoiajczyk. As will be set forth- 
below, because of the previous unknown physics of 
the slips in and slips out procedures, errors on the 
order of three to twelve inches are typically made 
using the Mikoiajczyk procedure each time a pipe 
is added to the string. Similar errors are inherent in 
the proposed system of Chan, U.S. Patent 
#4,616,321. 



SUMMARY OF THE INVENTION 



It is therefore an object of the Invention to 
provide a method of accurately determining bit 
depth which overcomes the Inaccuracies of the 
prior art. 

it is another object of the invention to provide a 
drawworks encoder which is easily and safely 
retrofitted on existing drawworks and which ac- 
curately monitors the rotation of the drawworks 
drum. 

It is a further object of the invention to provide 
a system which provides direct calibration and cor- 
relation between rotation of a drawworks drum and 
the actual displacement of a travelling block and 
drill string. 

It Is yet another object of the invention to 
provide a system for accurately determining bit 
depth which utilizes a continuous transform relating 
the rotation of the drawworks drum as determined 
by the drawworks encoder and the movement of 
the travellrng block. 

In accord with the objects of the invention, the 
method for accurately determining bit depth gen- 
erally comprises sampling the hook load at a rate 
of 4 Hz or greater and storing the sampled data, 
comparing the sample data to a low threshold, and 
then assigning a no bit movement determination 
retroactively to when the hook load passed through 
a high threshold (or the data point directly tsefore 
that) before passing through the low threshold dur- 
ing a slips-in procedure. On the slips-out proce- 
dure, the identical high threshold is used, such that 
movement is established upon the hook load ex- 
ceeding the high threshold. The high threshold is a 
dynamic threshold which is. in the preferred em- 
bodiment approximately ninety percent of the dif- 
ference between the maximum hook load and the 
low threshold added to the low threshold. This 
dynamic threshold corresponds closely to the ac- 
tual moments at which the drill string and bit phys- 



ically stop (and start) moving in the slips>in and 
slips-out procedures: such moments having not 
been recognized in the prior art. 

While the method for accurately determining 

5 bit depth takes account of some of the previous 
errors of the prior art, the instant invention provides 
a system which accounts for others of the errors of 
the prior art. A drawworks encoder mounting as- 
sembly is provided which can be easily retrofit to 

10 an auxiliary brake section or the rotary seal air 
coupler of the drawworks. A split ring gear is fitted 
around and secured to the rotating cylinder of the 
rotary sea] air coupler of the drawworks clutch 
means. The spilt ring gear is part of a pulley 

15 having another gear and a drive belt, such that 
rotation of the drum and rotary seal cylinder Is 
translated to a shaft of a quadrature incremental 
encoder coupled to the second gear. The encoder 
thereby tracks the rotational movennent of the 

20 drawworks drum. 

A second encoder which Is part of a calibrator 
mechanism is also provided and at desired times a 
thin wire of the calibrator is attached to the travel- 
ling block. The thin wire precisely measures via the 

25 second encoder the location of the travelling block 
relative to a known point (i.e. the rig floor) during a 
calibration procedure. The wire of the calibrator is 
preferably attached to the travelling block when the 
travelling block has reached its maximum down- 

30 ward movement. Then, with the thin wire attached, 
the travelling block is raised upwards to Its maxi- 
mum height by having the drawworks reel in the 
cable. The readings of the first and second en- 
coders are compared continuously during the travel 

35 of the travelling block and infonmation derived 
therefrom is used to provide an excellent correla- 
tion (calibration) between the drum rotation and the 
travelling block movement. This calibration proce- 
dure overcomes the Inaccuracies of layer overlap 

40 and stretch and wear not accounted for in the prior 
art Jt is repeated as desired; preferably each time 
the cable Is changed, and each time a bit is re- 
placed. 

Additional objects and advantages of the inven- 
46 tlon will become apparent to those skilled in the art 
upon reference to the detailed description taken in 
conjunction with the provided drawings. 

60 BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 is a schematic side view of a drill 
mast structure together with the drawworks, 
55 crown and travelling blocks, cable, and drill 
string, as are used in a standard oil field drilling 
operation. 

FIGURE 2 is a side schematic view of an auxil- 
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iary braking section of the drawworks. together 
with the encoder mounting assembly of the in- 
vention. 

FIGURE 3 is a schematic view of the split-ring 
pulley mechanism of the encoder mounting as- s 
sembly of the invention. 

FIGURE 4 Is a schematic view of the wire cali- 
brator which utilizes a second encoder In a 
preferred system of the invention attached to the 
travelling block of the system. io 
FIGURE 5 is a schematic view of the wire cali- 
brator of the Invention. 

FIGURES 6a and 6b are graphs over time of the 
hookioad values over in the slips-in and slips-out 
transitions. is 

DETAILED DESCRIPTION OF THE PREFERRED 

EI^BODIMENT 



Turning to Figure 1, a drilling rig or drilling 
mast 15 of the prior art is seen. Drilling mast 15 
includes legs 16 which extend upwardly from the 
formation 17 and carries a crown block 18 at its 
upper end. The crown block 18 is formed of a 25 
plurality of independently rotatabfe sheaves 19 car- 
ried on or supported by a shaft 20. The shaft 20 Is 
supported on the top of the drilling mast 15. The 
drawworks 22 includes a powered rotatable drum 
24 on which is reeved a cable 25. The cable 25 30 
extends upwardly from the drawworks drum 24 to 
one of the sheaves on the crown block 1 8 and then 
extends downwardly to one of the plurality of in- 
dependently rotatable sheaves 27 in the travelling 
block 28. The cable then continues back up to the ds 
next adjacent sheave in the crown block 18. and 
back down to another rotatable sheave In the trav- 
elling block, a suitable number of times until the 
end of the cable line is taken from a sheave of the 
crown block 18 and anchored by suitable means 40 
such as anchor 30. The anchor 30 may be located 
in any desired location, such as adjacent one of the 
legs 18 of the drill mast 15, or on the derrick floor 
substructure. The portion of the cable 25 extending 
from the drawworks 22 to the first sheave on crown 45 
block 18 is often called the "fast line", while that 
portion denoted 25a which extends from the last 
sheave In the crown block 18 to the anchor 30 is 
termed the "deadline". 

The mast drawworks, and cable arrangement 50 
of Figure 1 is well known to those in the oil and 
gas well rotary drilling arts and provides a means 
for conducting hoisting operations during normal 
drilling operations. During drilling, a device called a 
swivel which Is schematicalty represented at 31 is 55 
supported on the hook 32 of the travelling block 28, 
and a nonclrcuiar kelly 33 fs rotatably secured to 
the lower end of the swivel 31 . The drill string 34 
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comprised on numerous sections of pipes is se- 
cured to the lower end of the kelly 33. Drill string 

34 may contain one or more MWD tools (not 
shown) which are typically located near the drill bit 

37 which drills the borehole 38 in the earth forma- 
tion 17. This arrangement enables the rotary table 

35 on the floor of the drilling mast 15 to rotate the 
kelly 33 and drill string 34 to cause drill bit 37 to 
bore. 

As aforementioned, the drill string 34 Is com- 
prised of a plurality of drill pipes which are thread- 
ed and joined in end to end relation in the borehole 

38 as the borehole is drilled. When it is desired Id 
add another drill pipe to the drill string 34, the drill 
string 34 is raised by reeving in cable 25 on the 
drawworks 22 to raise the travelling block 28. the 
swivel 31 , and the kelly 33, until the upper end of 
drill string 34 projects upwardly above the rotary 
table 35. Slips 36 are then placed in the rotary 
table 35 to hold and support the drill string 34. 
While the slips are in place, the kelly 33 is unth- 
readed from the upper end of the drill string 34 in a 
manner well known in the art. The kelly 33 which is 
still supported by cable 25 via hook 32 and swivel 
31 is then swung over to the location of the unused 
pipe when the pipe \s threaded onto the kelly. The 
kelly 33 and the new pipe are then hoisted and 
swung back Into a position such that they may be 
lowered and such that the new pipe may be 
threaded into the existing drill string 34. With the 
drill string reassembled, the slips 36 may be re- 
moved (i.e. "slips-out") by hoisting the entire drill 
string 34. The drill string which is then supported 
by the mast 15 may then be lowered in the 
borehole 38 until drill bit 37 touches bottom. The 
drilling process then continues. Those skilled in the 
art will appreciate that this operation is repeated 
throughout the drilling operation of the borehole, it 
will also be appreciated, that whenever the drill bit 
Is replaced, the drill string 34 is disassembled and 
reassembled completely according to a well-known 
similar procedure. 

It is desirable to have automatic systems and 
methods for continuously measuring the total depth 
of the drill bit on the drill string during the hoisting 
and drilling operations. In the past, the systems 
provided have not property accounted for bit move- 
ment during the sllps-in and slips-out procedure; 
nor have they properly calibrated travelling block 
movement with the drum rotation. Further, no ade- 
quate retrofitting means have been provided for 
easily and accurately measuring drawworks move- 
ment. 

Turning to Figures 2 and 3, a first aspect of the 
invention is seen. As part of the drawworks 22, an 
auxiliary drawworks brake 70 is provided with var- 
ious manifolds 72a - 72d extending therefrom. As 
indicated in Figure 2, manifold 72d is a water 
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manifold, having water line 74 coupled thereto. The 
rotary seal coupler 76 is attached to the end of the 
drawworks shaft 81 which extends through manifold 
72d. Rotory seal air coupler 76 has detachable air 
line 78 coupled thereto. The rotory seal air coupler 5 
also Includes a portion 79a which rotates with the 
drum shaft of the drawworks, and a portion 79b 
which is stationary. In accord with the inventlonp a 
split ring pulley 80. which permits for the simple 
and safe attachment of an encoder which tracks w 
the drum rotations is provided. As shown in detail 
in Rgure 3, the split ring pulley 80 is placed 
around and fastened to the exposed portion 79a of 
the rotary seal that rotates with the drum shaft 81. 

The split ring pulley 80 Includes identical por- 75 
tions 82a and 82b which have a sunken hole 92 
through which a shouldered screw 94 may pass on 
one side of the semicircle, and a threaded hole 96 
for that threaded section on the other side of the 
semicircle. The identical portions 82a and 82b are 20 
placed "back to back" so that the holes align, and 
two screws are used to fasten the split ring pulley 
together over the shaft 81 . Holes 83 for set screws 
84 are also provided in portions 82a and 82b so 
that the split ring pulley can be tightly fastened 25 
onto the shaft 81 . 

In a preferred emlx>diment and as seen in 
Rgure 2. the split ring pulley 80 Is formed as a 
gear, with teeth for engaging a drive belt 85. The 
shouldered screws 94 in conjunction with screws 30 
84 are used to set the gap between the two halves 
of the split gear, thereby insuring a proper gear 
tooth profile. The drive belt may be placed over the 
split ring pulley 80 after rt is rn place on the shaft 
81 by disconnecting air line 78 from the rotory seal 35 
air coupler 76. and slipping the drive belt 85 over 
the rotory seal air coupler 76 before reattaching the 
air line. The drive belt 85 is used to couple the split 
ring pulley 80 to the driven pulley or gear 87 which 
has the shaft 89 of a standard quadrature Incre- 40 
mental encoder 90 coupled to it. The encoder 90 
thereby tracks the rotational movement of the 
drawwori<s drum, with the ratio of movements sim- 
ply determined from the gear ratio of the split ring 
pulley 80 and the driven pulley 87. The data gath- 45 
ered by encoder 90 is sent to a processor 47 via 
electric line 97 such that the processor can account 
for the movement of the drawworks drum. 

The encoder 90, the encoder shaft 89, and the 
driven pulley 87 may be supported by the water so 
manifold 72d of the auxiliary brake by using a 
clamp 93 and a decoupler 95. The decoupler is 
attached to the clamp 93 and to the encoder 90, 
but not to the shaft 89. By clamping clamp 93 over 
the manifold 72d, with a rigid clamp 93 and a rigid 55 
decoupler 95, the encoder 90, encoder shaft 89, 
and the driven pulley 87 are supported. Of course, 
by supplying a drive belt 85 of different size, the 



encoder assembly can be supported by the floor or 
ceiling of the drawworks housing, as desired. Also, 
if desired, and particularly where a water manifold 
Is not available due to the lack of an auxiliary 
brake, the encoder assembly can be supported by 
the stationary portion 79b of the rotary seal hous- 
ing. The rotary seal 76 will always be available as it 
supplies air through the shaft 81 to the clutch (not 
shown) of the drawworks drum. 

With the drum shaft encoder easily installed 
and in place to monitor the rotation of the drum, a 
means and method for properly and directiy cali- 
brating drum rotation to travelling block movement 
is desired. Thus, in accord with a second aspect of 
the invention, and as seen in Figures 4 and 5, a 
calibrator 100 with a second encoder 135 is pro- 
vided for measuring the distance between the trav- 
elling block 28 and a fixed point such as the rig 
floor or formation surface. As seen in Figure 5, 
calibrator 100 has a precisely machined wheel 120 
around which a thin wire 122 with low wind resis- 
tance Is attached and wound in a non-overiapped 
manner. Thin wire 1 22 tenminates in a loop or hook 
124 so that it may be appropriately attached to the 
travelling block. Extending from the middle of 
wheel 120 is a shaft 126 around which wheel 120 
rotates. Shaft 126 turns pulley 128 which in turn is 
connected to and turns encoder shaft 130 via belt 
1 34. By monitoring the rotation of the encoder shaft 
130, encoder 135, which may be identical to en- 
coder 90 of Rgure 2, precisely measures the let- 
ting out (and pulling in, if desired) of wire 1 22. This 
information is forewarded by data line 138 to a 
computer or processor 45 (see Figs. 1 and 4). Also 
provided with calibrator 100 is a drive motor 
mechanism 144 (such as a spring motor) for caus- 
ing wire 122 to be retrieved and wound around 
wheel 120. The motor 144 causes rotation of shaft 
126 by a belt/pulley system or gear means 149 
which in turn, causes wheel 120 to rotate and reel 
in wire 122. Motor 144 is activated when the fravei- 
ling block is lowered after completion of the cali- 
bration procedure. 

In operation, the calibrator 100 is placed on 
and may be secured to the rig floor, and loop 124 
of wire 122 is attached to elevator arms (not 
shown) or any other convenient part of the travel- 
ling block 28 preferably when the travelling block is 
at its lowest position. The calibrator 100 may be 
used witii the kelly 33 in place, or witii the kelly 
removed. As the drawworks 22 reels in the cable 
25, data from encoders 90 and 1 35 are continually 
recorded at a computer or processor 47 until the 
travelling block reaches its highest position. From 
the received data, tiie processor or computer 47 
creates a calibration table as desired which relates 
the number of pulses of encoder 90 to the distance 
actually travelled by the travelling block as directly 
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measured by encoder 135. If desired, the calibra- 
tion table can be complete; I.e. a distance for each 
pulse of encoder 90 is provided. Or, depending on 
the circumstances, the table can be condensed. 
For example, over a section of several feet where 
cable 25 Is not changing level on the drum, the 
pulse/distance ratio may be nearly constant, and 
this constant as well as the location of cable to 
which the constant applies may be stored rather 
than original data. 

Calibration with calibrator 1 00 is preferably per- 
formed with the travelling block supporting the 
string weight to most closely simulate normal drill- 
ing conditions. Experiments have shown, however, 
that the stretch of the line does not introduce 
severe en-or. For example, a stretch created by a 
one hundred twenty-five thousand pound load cre- 
ates less than a one-half inch measurement dif- 
ference over a normal stand length. Also, for accu- 
racy, a new calibration is needed every time the rig 
crew slips line from the reserve drum or cuts the 
drilling line. In fact, because of the simplicity and 
little time needed for conducting the calibration, a 
new calibration can be performed more often for 
maximum accuracy. 

With the position of the travelling block being 
accurately tracked via the drawworks 
cable/calibrator transform, in order to precisely de- 
termine bit location, it Is only necessary to know 
whether the drill string is moving when the travel- 
ling block is moving. A standard means for making 
such a determination Is a clamp line tensiometer 
52 (electrically connected to processor 47 via line 
66) as seen in Rgure 1 , which operates under the 
assumption that when the rig is supporting the drill 
string weight, all travelling block motion is also 
string motion. String motion can be either on-bot- 
tom motion (i.e. drilling), or off-bottom motion (i.e. 
tripping, reaming, moving up to make a connection, 
etc.) Travelling block motion without the string 
weiglit is when a new pipe is picked up and pre- 
pared for connection, or when the travelling block 
is repositioned during tripping. 

While the clamp line tensiometer 52 of the art 
does function to distinguish between cable move- 
ment related to drill string movement, and cable 
movement where the drill string is not supported. It 
has been found by the inventors that substantial 
error is still associated with the slips-in and slips- 
out procedures when using clamp line tenslometers 
in the traditional manner. The s)ips-in and sllps-out 
procedures are periods of transition which last on 
the order of one-quarter to one second. During 
slips-in and slips-out transitions, the travelling block 
will often move a few inches even though there is 
no string motion. This movement is due to the 
resiliency of the cable which was holding the trav- 
elling block as well as to the resiliency of the rig 
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system. Previously, a low threshold for the clamp 
line tensiometer output set slightiy above the block 
weight was used to detect the change in the slips 
status. Also, tile sampling rate of the clamp line 

5 tensiometer output was typically 1 Hz or so. It has 
been determined, however, tiiat the low sampling 
rate is not sufficient for making an accurate deter- 
mination of when the transition from slips to hook 
support (or vice versa) occurs. It has also been 

10 determined that the low threshold is not properly 
indicative of when the transition does in fact occur. 

According to a third aspect of the invention, the 
hookload is monitored at a rate of at least 4 Hz, 
and preferably at 10 Hz, and a dynamic high 

7$ threshold is used as the transition point for the 
tensiometer for indicating that the movement of the 
cable corresponds to string movement. The high 
threshold is dynamic because the drill string gets 
longer and shorter (and hence the weight 

20 changes), especially while tripping. To avoid noise 
In the signal (e.g. string vibration), or system 
changes affecting the signal (e.g. weight on bit 
changes), the dynamic high threshold is preferably 
only retroactively used after the low threshold has 

26 been passed. Such a determination is easily made 
by processor or computer 47. 

As seen in Figures 6a and 6b (and as deter- 
mined via video frames reviewed at slow speeds), 
the hookloads during the slips-in and slip-out tran- 

30 sitions appear to take a smooth transition, with 
curved knees located where the string motion stops 
and where the string motion starts. A dynamic high 
threshold which is equal to approximately ninety 
percent of the difference between the maximum 

36 hook load and the low threshold added to the low 
threshold has been found to closely approach the 
actual points at which the string motion stops and 
starts. The dynamic high threshold is preferably 
computed by comiputer 47 from a runnrng average 

40 of the maximum hookload over a two second time 
period, although otiier lime periods can be utilized. 
By choosing the sample point previous to the dy- 
namic high threshold being crossed during the 
slips-in transition as the time at which drill string 

45 motion stopped, and the sample point directly after 
the dynamic high threshold being exceeded during 
the slips-out transition as the time at which drill 
string motion started, extremely accurate indica- 
tions of bit depth are obtained. 

50 If desired, rather than choosing the points di- 

rectly previous to and directly after the dynamic 
high threshold was crossed as the string motion 
stop and start points, extrapolations to the dynamic 
high threshold or to thresholds related to the dy- 

66 namic high threshold can be utilized. Of course, in 
order to use extrapolations, enough data points 
must be gathered. Therefore, the hookload must be 
monitored at a higher sampling rate than the pre- 
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vious standard. Similarly, other points, e.g. the 
point directly after the cross through the dynamic 
high threshold for the slips-in transition, and a 
similar point, extrapolated or not, for the slips-out 
transition, could be utilized. While the point directly 5 
before the high threshold for the sllps-in transition, 
and directly after the high threshold for the sllps- 
out transition are the preferred points to use. It 
should be appreciated that so long as points of 
substantially Identical hookload are used on slips-in to 
and slips-out, the errors regarding bit depth cancel. 
Thus, according to another embodiment, the slips- 
in and/or slips-out points may be extrapolated from 
known points, such that points of equal or sut^stan- 
tially hookload are utilized for a determination of 75 
drill string stopping and starting. In extrapolating to 
points of substantially equal hookload, account may 
be taken of the additional weight provided by the 
added pipe between slips-in and slips-out, as well 
as the differences In friction forces. It should be 20 
noted, however, that both the weight and friction 
force differences are minimal In comparison to the 
total weights experienced. 

Those skilled in the art will appreciate that with 
excellent knowledge of when the drill string is mov- 
ing during slips-in and slips-out transitions, and 
with excellent knowledge of the relationship of the 
determinations of encoder 90 and the movement of 
the cable 25, improved determinations of the bit 
depth and hole depth are readily obtainable. Like- 30 
wise, determinations of the depth of MWD tools on 
the drill string are also readily obtainable with in- 
creased precision. 

There have been described and illustrated 
herein systems and methods for monitoring drill bit 35 
and hole depth. While particular embodiments have 
been described, it is not intended that the invention 
be limited thereto as it is intended that the inven- 
tion be as broad in scope as the art will allow. 
Thus, for example, while a split-ring pulley system 40 
was described for easily retrofitting the drawworks 
to add an encoder, it will be appreciated that the 
"pulley" could take the form of any means which 
can be fit around the rotating portion of the rotary 
seal or the drawworks drum shaft itself and rotate 46 
with the drawworks drum shaft without significantly 
disassembling the drawworks, and which can im- 
part that rotation to the encoder shaft. While gears 
and a gear chain or belt were described. It will be 
appreciated that depending on the type of belt so 
used and the tension on the belt, the pulley could 
be e.g. a flat wheel, or a sheave. Similariy, while 
the calibrator including an encoder for calibrating 
the movement of the travelling block against the 
movement of the drawworks cable was described 66 
with a pulley system, It will be appreciated that 
other arrangements could be utilized to transfer 
rotation of the wheel of the calibrator to the shaft of 



the encoder. If fact, if desired the wheel and en- 
coder shaft could be one and the same. It should 
also be appreciated that the term "wire" as used in 
conjunction with the calibrator Is intended to be 
broad in scope and to include all relatively thin 
materials whether of metal, or natural or synthetic 
fiber. Also, while thresholds, tables, and the tike 
were described as being determined and utilized 
by a computer or processor, it will be appreciated 
that the different tasks can be divided among dif- 
ferent processors and computers which can located 
at different locations, if desired. Further, while the 
irivention was descrik)ed in conjunction with rotary 
drilling systems utilizing a kelly, it will be appre- 
ciated that the Invention also applies to other sys- 
tems where rotary torque is applied to a drill string, 
such as top drive systems. Therefore, It will be 
apparent to those skilled in the art that other 
changes and modifications may be made to the 
Invention as described In the specification without 
departing from the spirit and scope oi the inverrtion 
as so claimed. 



26 Claims 



1. A method for determining the depth of a bottom- 
hole assembly In a borehole, said bottomhole as- 
sembly being coupled to the end of a drill string 
which in a first mode of operation is supported by 
a cable line reeved around at least one rotatable 
sheave means supported on a mast, and In a 
second mode is supported by other than said cable 
line, and wherein means for measuring hook load 
and means for measuring movement of said cable 
line are provided, said method characterized by the 
steps of: 

a) choosing a transition threshold for said hook 
load, wherein when said hook load is above said 
threshold It is generally assumed that said drill 
string Is moving when said cable line is moving, 
and when said hook load is below said threshold 
it Is generally assumed that said drill string is 
stationary even when said cable Irne is moving; 

b) at least during time periods corresponding to 
a transition from said first mode to said second 
mode and during a transition from said second 
mode to said first mode, detenmining with said 
means for measuring hook load said hook load 
on said cable line to provide first mode to sec- 
ond mode transition samples, and second mode 
to first mode transition samples; 

c) in response to said first mode to second 
mode transition samples, and said second mode 
to first mode transition samples, and said transi- 
tion threshold, and in conjunction with said 
means for measuring movement of said cable 
line, detemnining the motion of said drill string; 
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and 

d) in response to said determined motion of said 
drill string, determining said depth of said bot- 
tomhole assembly in said borefiole. 

2. A method according to claim 1, further char- 
acterized by the step of: 

e) choosing a second threshold for said hook 
load, said second threshold being substantially 
lower than said first threshold, wherein said time 
period corresponding to said transition from said 
first mode to said second mode occurs only 
where said hook load decreases past said sec- 
ond threshold after decreasing past said first 
threshold. 

3. A method according to claim 1 or 2, wherein: 
said transition threshold is a dynamic high thresh- 
old, said dynamic high threshold being at least fifty 
percent of said hook load of said first mode, or 
approximately ninety percent of the difference of 
said hook load during said first mode and said 
second threshold plus said second threshold. 

4. A method according to claim 1 , wherein: 

the drill string motion is determined at step c) by 
using said first mode to second mode transition 
samples, and said second mode to first mode 
transition samples, and where said transition sam- 
ples do not have values substantially equal to the 
hook load value of said transition threshold, ex- 
trapolating in time as to when said hook load 
crossed said transition threshold. 

5. A method according to claim 1. wherein: 

the drill string motion is determined at step c) by 
using said first mode to second mode transition 
samples, and said second mode to first mode 
transition samples, and extrapolating from at least 
one of said first mode to second mode and second 
mode to first mode samples to provide at least one 
extrapolated sample having a hook load value sub- 
stantially equal to a transition sample, wherein said 
drill string Is detennlned to be moving when said 
hook load exceeds the value of said hook load of 
said at least one extrapolated sample rather than 
when said hook load exceeds the value of transition 
threshold. 

6. A method according to claim 1 , wherein: 

the drill string motion is detemnined at step c) by 
choosing the last first mode to second mode transi- 
tion sample before said hook load decreased below 
said transition threshold as the time at which said 
drill string stopped moving, and by choosing the 
first second mode to first mode transition sample 
after said hook load increased above said transition 
threshold as the time at which said drill string 
started moving. 

7. A system for calibrating the rotation of a draw- 
works drum from which a cable line extends said 
cable line being reeved around at least a sheave 
means of a travelling block means supported on a 



mast, to the movement of said travelling block 
means or to other means travelling therewith, said 
system characterized by: 

a) first encoder means coupled to said draw- 
5 works drum for measuring the rotation of said 

drawworics drum and for providing indications 
thereof; 

b) calibrator means having 

a rotatable wheel of known diameter, 
10 wire means of a length suitable to measure 
movement of said travelling block means or 
other means travelling therewith along the entire 
length of its movement, said wire means termi- 
nating in means for attaching said wire means to 
IB said travelling block means or said other means 
travelling therewith, wherein said wheel and wire 
means are arranged such that said wire means 
is wrapped around said wheel and said wheel 
rotates as said wire is unwound from said wheel, 
20 and 

a second encoder means coupled to said wheel 
for measuring the rotation of said wheel and for 
providing indications thereof, 
wlierein said rotatable wheel of said calibrator 

25 means remains stationary along a vertical axis 
relative to said travelling block means when said 
wire means is attached to said travelling block 
means or means travelling therewith and said 
travelling block means is moving; and 

30 c) processing means for receiving said indica- 
tions of said first and second encoder means, 
Including means for storing information relating 
said indications. 

8. A system according to claim 7, wherein: 

36 said second encoder means has a second shaft, 
said calibrator means further includes a first shaft 
extending from the center of said wheel of known 
diameter, and a pulley system means, said pulley 
system means including a first wheel coupled to 

40 said first shaft, a second wheel coupled to said 
second shaft, and a belt coupled to said first and 
second wheels. 

9. A system according to claim 7. wherein: 

said processing means determines from said in- 
45 dications where the ratio of said indications of drum 
rotation and said indications of cable movement is 
substantially constant, and stores indications of 
said location and said ratio. 

10. A system according to claim 7. wherein: 

so said processing means stores only a subset of said 
indications taken at regular intervals. 
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@ Methods and apparatus for accurately determin- 
ing drill bit depth are provided. A hook load is 
sampled at a rate of at least 4 Hz and is compared 
to a load threshold to establish a sllps-in condition. A 
determination Is made retroactively that the drill 
string stopped moving when the hook load passed 
through a high dynamic threshold. On the slips-out 
procedure, the identical high threshold is used, with 
movement established when the hook load exceeds 
the high threshold. The high dynamic threshold cor- 
responds to the points at which the drill string ac- 
tually stops and starts moving in the sllps-in and 
slips-out procedures. The apparatus provided is a 
drawworks encoder mounting assembly which retro- 
fits an auxiliary brake section of the drawworks or 
the rotary seal air coupler of a drawworks clutch. A 



split ring gear fits around and Is secured to the 
rotating cylinder of the rotary seal air coupler. The 
split ring gear is part of a pulley having another gear 
and a drive belt, such that rotation of the drum and 
rotorseal air coupler cylinder is translated to a shaft 
of an encoder coupled to the second gear. The 
encoder thereby tracks the rotational movement of 
the drawworks drum. At desired times, also provided 
is a second encoder which is part of a calibrator 
which, via a calibrator wire, precisely measures the 
location of the travelling block relative to a known 
vertical location. The first and second encoder read- 
ings are compared continuously and are used to 
provide excellent calibrations between the drum rota- 
tion and the travelling block movement. 
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